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for the lower and upper troposphere respectively. However, due to the limited vertical sensitivity and resolution 23 of IASI, ozone concentrations retrieved at 3 km describe the ozone variability from roughly 2 to 8 km, and ozone 24 concentrations retrieved at 10 km describe the ozone variability from 5 to 14 km (Dufour et al., 2010) . Despite 25 this overlapping, recent studies show that uncorrelated information from the lower and the upper troposphere can 26 be derived from IASI (Dufour et al., 2010 (Dufour et al., , 2012 (Dufour et al., , 2015 . without emissions is a proxy of the photochemical production of ozone within the boundary layer.
12
The methodology used in this paper is the following:
13
At first, in order to minimize local pollution effects and focus on boundary layer ozone measurements 14 representative of a wider geographical area than the station location, only the afternoon (12:00 -18:00) ozone 15 concentrations, typically representing a well-mixed boundary layer, have been analyzed.
16
Also, recent observations over the Mediterranean both from MOZAIC tropospheric ozone profiles (Kalabokas et   17 al., 2013) as well as satellite data (Zanis et al., 2014) show a strong anticorrelation between ozone and This makes specific humidity an indicator of subsiding air masses, which will be used in the analysis.
23
In addition, previous research carried out in the Mediterranean (Kalabokas et al., 2007; Kalabokas et al., 2008;  24 Velchev et al., 2011; Kalabokas et al., 2013; Kalabokas et al., 2015) suggested that there is a strong link between 25 synoptic meteorology conditions and ozone concentration variability.
26
Based on the above, a systematic investigation of the composite meteorological maps (NCEP/NCAR Reanalysis) 27 during two spring high ozone episodes at the 850 hPa pressure level was carried out, until 5 days before the 28 event for the meteorological parameters mentioned previously. The purpose of the analysis is to identify areas of 29 high subsidence in the free troposphere, which could potentially influence the examined surface ozone 30 measurements, considering also that the afternoon (12:00 -18:00) ozone concentrations are quite representative 31 of the boundary layer values. The high subsidence areas were detected in the first place by the positive vertical 32 velocity omega (and anomalies) as well as the negative specific humidity anomalies. Also, the geographical 
The corresponding composite maps at the 700hPa and 500 hPa pressure levels have also been plotted and 27 analyzed (not shown). showing a maximum over Italy at the peak of the episode (April 26-27) as well as a secondary maximum over 8 Germany (Fig. 3) . The positive omega anomalies indicate that the observed subsidence during the episode days 9 is higher than usual for this period of the year and the examined geographical regions.
d).
A strong westerly flow is observed over the Western Mediterranean region of subsidence with the air masses 11 originating from the region of N. Atlantic where a deep and extended low pressure system is observed (Fig. 4) .
12
As seen, the extension of the N. African anticyclone towards the Western Mediterranean changes progressively 
18
The negative temperature anomaly area becomes more extended during the episode days, indicating that colder 19 atmospheric conditions than the normal prevail during the ozone episode over the corresponding areas, while 20 during photochemical ozone episodes higher than normal air temperatures would be expected. This can be 21 explained as an impact of transport of cold air masses to these areas.
22
Overall, over the same area of subsidence, strong winds together with positive omega vertical velocity (and 23 anomalies) are observed as well as negative humidity anomalies, thus indicating a strong descending air current, 24 which transports rapidly tropospheric air towards the boundary layer.
25
In Figure water anomalies show that the dry conditions, indicating subsidence, prevail over the whole troposphere, mostly 6 over its lower part, over a vast area and especially at the interface areas of the high and low pressure systems at 7 500 hPa, very similar to what was already observed at 850 hPa (Fig. 2) . So, it comes out that during the ozone 8 episode the same synoptic pattern is observed in the troposphere up to 500 hPa ( Fig. 7 ) but even at higher levels
9
(not shown).
10
In order to study in more detail the atmospheric processes prevailing during the examined April ozone episode 
24
which becomes even stronger and more extended at the 3 km and 1.5 km altitudes (Fig.9) . So, following the 25 geographical distribution of the upper tropospheric tracer at 3 km and 1.5 km (Fig.9 ), tropospheric subsidence is 26 observed at the periphery of the anticyclonic area and at the interface with the low-pressure area. Therefore, the 27 downward transport of upper tropospheric ozone is influencing the boundary layer over the examined location. 
35
It has to be mentioned that direct comparison of CHIMERE simulations at 3 km with the corresponding IASI 36 measurements presents some weaknesses, especially due to the fact that IASI is sensitive to a height range 37 between 2 and 8 km and the IASI averaging kernels need to be applied to CHIMERE to make it comparable with 38 IASI (Eremenko et al., 2008) . East while the flow at the northern and the western periphery of the anticyclone is particularly strengthened (Fig.   2   13 ). Similar features are also observed at the higher pressure levels (700hPa, 500 hPa and 300hPa) as it was also 3 the case for the April episode.
4
In Figure 14 , the IASI measurements (composite charts) during the May 7-9, 2008 episode for the lower and the 5 upper troposphere (3 and 10km respectively) as well as for the previous 2, 3 and 5 days are shown. During the 6
May episode a high ozone area is observed in the lower and upper troposphere over the N. Atlantic, which is 7 more extended during the days preceding the episode peak.
8
As observed in Figure 14 , the days before the episode and over the region covered by the anticyclone, the 9 concentrations of ozone in the upper troposphere (at 10 km) decrease, while the IASI measurements in the lower 10 troposphere (at 3 km) over central Europe show a small but geographically extended increase. It has to be 11 reminded that this phenomenon takes place exactly over the area where intense subsidence and low humidity 12 conditions have been detected, which could be considered as a direct independent evidence of the influence of 13 ozone concentrations from the upper troposphere, as it has been described and discussed in the previous 14 paragraphs. As also seen in Figure 14 , over E. Europe and Russia a significant tropospheric ozone accumulation 
26
The results of the CHIMERE simulations for the May episode are shown in Fig. 17-18 , where simulations of 27 upper tropospheric tracer concentrations, simulations of photochemical production and simulations of the ozone 28 field (together with the iso-contours of the high tropospheric tracer) are presented. As described earlier (cf
29
Chapter 2), we use one tracer initialized within the model top layer in the upper troposphere at about 11 km 30 height. Inspecting qualitatively simulated concentrations at 3 km and 1.5 km altitude (Fig. 17, 18 ), it appears that 31 the upper tropospheric tracer is clearly detected at these levels, indicating downward transport from the upper 32 troposphere to the boundary layer. Also in Fig. 18 , the CHIMERE simulations of the ozone fields at 3 km and 33 
13
The graphical representation on the map of the daily evolution of the hourly surface ozone concentrations at over Payerne (Fig. 18) . Based on the observed conditions the plausible explanation is that an -ozone fumigation‖ 9
of the boundary layer occurred between 5-9 May when the ozone levels increased by at least 20 ppb, following 10 corresponding changes in the lower troposphere and indicating that this ozone event is related to downward 11 transport of ozone from higher altitudes towards the boundary layer.
12
Similar observations could be made at Hohenpeissenberg and Uccle during the May 5-9 period ( 
31
The present approach, using meteorological charts, IASI tropospheric ozone satellite measurements, CHIMERE 
8
Regarding the environmental policy issues, it has to be underlined that for ozone, which is a pollutant regulated 9 by the EU, it appears that there are some time periods during the warm period of the year, lasting for several 10 days, when the free troposphere influences significantly the boundary layer to such extent that the air quality 11 standards might be exceeded. This phenomenon seems to be associated with an important impact of 12 photochemical ozone production following primary air pollutant emission at larger geographical scales,
13
including transport of air pollutants on a hemispheric scale from e.g. the US and China. The origin of the 14 atmospheric ozone entering the boundary layer might be upper tropospheric or stratospheric but it could also be 15 from the lower or the middle troposphere during stagnant regional conditions when photochemical ozone is 16 produced over the continent.
17
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Values outside the scale range are set up to the upper and lower color code respectively.
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